The aim of this research is to estimate the potential of demand response measures applying to commercial building in Thailand based on the actual test result from 3 existing buildings in Bangkok. The potential measures can be divided into 2 main categories namely self-generation using existing standby generators and reducing their actual demand using various techniques. The initial estimation point out that the maximum of 2.1 MW can be reduced from these 3 tested building. However, the actual experiment shows that only 1.76 MW can be achieved. The difference of the peak reduction mainly comes from not only the in-accurate estimation of the standby generator ability in both capability and durability but also the effect on the comfort condition in the building. Therefore, the appropriate estimated level of demand reduction from the building should approximately 83% of technical potential. The final recommendation from the building owner is the building should adopt DR scheme and able to reduced their demand to some extent. However, it depends on the level of benefit offered to the building.
Introduction
The energy security of the electricity system is crucial to the development of the national economy for the developing country including Thailand. Especially during the summer when the peak of the system is high and the generating capacity of the country are hardly cope with. Building the new power plant is seemed to unacceptable not only investment cost but also the environment point of view. Therefore, enhancing the behaviors of electricity user like demand response is considered. Many countries found that these measures are acceptable by their customer. Generally this type of measures have lower cost than building new peak power plant [1] [2] .
Methodology
In this study, many demand response measures have been actually tested and verified in 3 existing building. The buildings comprise of hospital building and 2 shopping malls. The baseline of electricity using pattern of all major equipment in the building has been collected. These data have been used to estimate the potential of peak demand reduction during the tested period [3] [4] [5] . The electricity consumption data can be used to evaluate the baseline of the building and some specific system to get the actual peak reduction during tested period (1 pm -4 pm). The testing process can be device into 2 main parts. The first part is monitoring the overall electricity use pattern that will be used to formulate the base line for the test day [6] . The second part is the result of the test day that will be used to compare with the formulated based line to identify the peak reduction. During the tested period the condition in the building and the response of the customer has been monitor. The test will be stopped if they consider condition go beyond the pre specified maximum value.
Results
To formulate the base line for each individual building, we need to monitor the electricity consumption pattern of the building for 10 days prior the test day. In the test day, the overall electricity consumption of the building will be measured together with the various high consume equipment and system. During the test hour, 1 pm to 4 pm of the test date, the actual electricity consumption of the building will be compared with the formulated base line to evaluate the real value of the peak reduction. The finding can be summarized as follows.
Electricity consumption pattern of the building for 10 days prior to the test day
The electricity consumption pattern of each building for 10 days prior to the test day has been recorded and show in figure 1 (a), (b), (c). From figure 1 (a) show the electricity consumption pattern of the tested hospital. The peak demand of their hospital was 956 kW. While the demand during night time was nearby 600 kW, due to the high number of the impotent. The demand service from 7 am due to the preparation of staff for the incoming out-patient. The demand was quality stable during the day and start decreasing after 7 pm. While all activity for out-patient ended. The average power and energy consumption of main build system could be summarized as in table 1. The air-conditions system consumed more than half of all the building consumption while the various equipment consumes 35% of energy and lighting was 9.5%
From figure 1 (b) and (c) show the characteristics of two shopping mall that very difference in size. However the electricity consumption ours quite the same. The demand starts increasing from 7am while some shopping mall staff coming in and start preparing for their customers. The demand peak a high level at the opening hour of the mall and more or less the same until the closing time. During the night time, the demand was very low to approximate 20% of daytime, mostly from the secrete lighting and some refrigerators in the mall. The ration of power and electrical energy in each main system has seemed show in table 2 and 3 for small and large shopping mall respectively. The highest peak in the cooling system of the building, including air conditioning and lighting systems. In Cold AHU FCU, Pumps and Escalators are used less power.
From figure 1 (c) the building has a maximum power of 10,852 kW on all electricity consumption behaviours over the last 7 days showed that the use of electricity during the hours of 9am -10pm. The use of high power all the time, because the mall is open. During at 10pm electricity consumption decreased due to power will only prepare areas for activities in the plaza only. The use of electricity for 7 days with the same format as in figure 1 (c) . Note that the use of electricity on Saturday and Sunday will be lower than on weekdays. Because the building was closed due to the air to one set down. From measurements of the main equipment to evaluate its power consumption and power demand of each system in Table 4 . The building is located at the peak of the cooling system, including the air conditioning system. And the use of electricity in most of the shops, lighting, elevators and escalators, respectively
Electricity consumption pattern of the building in the test day
The 10 day electricity consumption pattern of the building has been used to predict the typical demand pattern of the test day. However, their typical pattern will be slightly adjusted by the level electricity demand before test time of test day. Their adjusted pattern will be used as a baseline to calculate the peak reduction of that building. During the test time, several measures have been implemented simultaneously. The actual demand was measured in paste with all main equipment in the building. The actual demand was commercial with the predicted base time in fig 2 (a) , (b) and (c) for hospital, small shopping mall and large shopping mall respectively. Hospital Figure 2 (a) show the actual demand of the Hospital significantly reduce from the baseline while was mainly come from the seeming of standby generator to cut down the peak of the hospital. Moreover, the temperature in the building was a litter bit increase to reduce the demand of the air conditioning system. The result show that their hospital can reduce up 36.5% of peak consumption. However, the rough calculation show that the cost of running the standby generator was 7.8 Bath/kWh (base on diesel price at 29.99 Bath/lite) which quite high compare to average electricity price a 3.9 Bath/kWh.
Shopping mall 1
The measures applied to the shopping mall 1 including running the standby generator for 3 hours, limited the door opening of the freezer, set demand limit of the chiller to 80% of maximum demand. These can reduce 318 kW of peak demand or equal to 26.7% of actual demand. The profile of electricity used during the test hours is shown in fig 2 (b) . The cost of running a standby generator of this building is about 10.0 Baht/kWh.
Shopping mall 2
The measures that applicable for the shopping mall 2 is running of standby generator shut down one chillier and a storage water pump. The peak of the building can be reduced by 1.09 MW or equivalent to 26.7% of the actual peak demand. The cost of electricity generated is 9.17 Baht per kWh.
The actual of performance of the building, to reduce the peak demand can be summarized as in Tab 4. The actual running of standby generator to cut down the demand of the building show a high potential of peak canting. However, the actual reduction due to these standby generator still lower than our estimation. Same problem found were lack of experience in seeming standby set cannot maintain the temperature of the system when running at a high capacity for a long period, other several measures has been tested. The result show that the overall demand reduction was 636 kW, while was higher than estimated value at 605 kW due to adjusting of the limit of chiller that can go beyond our expectation at 5%.
The total peak reduction in these 3 buildings is 1,759 kW, that 64% is the result of running the standby generator while others 36% from various peak reduction measures.
Many problems are faced during the testing hour for example, the temperature inside the standby generator room and of the generator itself rising up to the level that considered too dangerous to continue the test. This cause the shopping mall to stop its generator before the test is finished. There are reports of problems about the maximum generating capacity of the generator which found that even the newest one can't run at its rated capacity for 3 hours. Moreover, the running of this exercise shows that the utility in the building is not well maintained and prepare enough for this activity.
